Abstract. In order to analysize the dynamic characteristic of the articulating booms in the Mobile Elevating Work Platforms (MEWP), the dynamic models of the articulating booms were made by software ADAMS and the dynamic operation performance was analyzed. Lastly, the field experiments were carried out and the results show that the dynamic operation performance of the articulating booms is stable in the condition of 300 kg load. The maximum loading capacity errors of the different oil cylinders between the test results and simulation calculation data are less than 10%.
Introduction
The Mobile Elevating Work Platforms (MEWP), also known as one of the aerial devices, are mechanical devices used to provide temporary access for people or equipment to inaccessible areas [1] [2] [3] , which are widely used in Aerospace, Shipbuilding, Construction and other industries [4, 5] . In some narrow spaces, the articulating boom lifts are the best choice [6] . As the most important structure component, the articulating booms must be kept stable and reliable motion all the time.
In this paper, the structure and operation principle of the articulating booms were introduced, and the dynamic characteristic were analyzed. Finally, the field experiments were carried out and the test results were discussed.
Structure and Principle

Vehicle Structure
The articulating boom lifts are composed of the chassis, the turntable, the articulating booms, the platform, the hydraulic actuators (including bumps, motors, valves, cylinders, etc.) and electric control units (including the controller, the storage batteries, the control boxes, the junction boxes, the switches and lamps, etc.). The model of the articulating boom lifts is as shown in Figure 1 . 
Articulating Booms Structure
All of the operating functions of the MEWP can be achieved by means of the hydraulic oil cylinders driving the articulating booms, which are composed of the links, the uprights, the booms and the brackets. The concrete structures of the articulating booms are as shown in Figure 2 . 
Operating Principle
In the articulating booms, the lower bottom link (① ) and lower top link (② ) are jointed with the turntable by pins, and the jib top bracket (⑱) is jointed with the platform by one rotator. The movement relationships of the articulating booms are listed as follows.
a) The tower lift cylinder (③) is installed between the lower bottom link (①) and the upper bottom link (⑤), providing raising and lowering movement of the tower boom (including the lower and upper links).
b) The main lift cylinder (⑨) is installed between the upper upright (⑦) and the base boom (⑩), providing raising and lowering movement of the main boom (including the base boom and fly boom).
c) The telescopic cylinder (⑫) is installed between the base boom (⑩) and the fly boom (⑪), providing extension and retraction movement of the fly boom.
d) The lever cylinder (⑬) and the master cylinder (⑧) work together, adjusting the platform in the level of state by means of ascending or descending a little degree.
e) The jib cylinder (⑯) is installed between the jib bottom bracket (⑭) and the jib top link (⑮), providing raising and lowering movement of the jib.
Simulation Analysis Simulation Modeling
In order to improve assembly accuracy of the dynamic simulation analysis models, the 3D models of the articulating booms were set up by Solidworks, then were converted *.x_t format into ADAMS [7] . In ADAMS, all of structural components were set as rigid bodies, and then the revolute pairs and sliding pairs with friction were set in different joints so that the simulation analysis models of the articulating booms were in the same gravitational field [8, 9] . The key joints are as shown in Figure 3 .
In Figure 3 , the joints of A~H, O 1 and O 2 were both set as revolute pairs, and the joint of S was set as sliding pairs. The motion driven relation were set in different cylinders in accordance with design requirements of the optimal execution time for every cylinder. 
Simulation Results and Analysis
In consideration of feasibility of the field experiments, the wind loads, the manual force and the dynamic structural loads were substituted by means of overload [10] so that the load of 300 kg (1.5 times rated load of 200 kg) was used in simulation calculation by ADAMS. The simulation process was listed as follows. a) 0~50 s (Δt 1 =50 s), the telescopic cylinder extended to the maximum stroke, and the fly boom reached the maximum length. 51~70 s (Δt 2 =20 s), the main lift cylinder raised the main boom from lower position to horizontal position. 71~160 s (Δt 3 =90 s), the tower lift cylinder raised the tower boom from the lower position to top position. 161~240 s (Δt 4 =80 s), the main lift cylinder raised the main boom from horizontal position to top position. 241~280 s (Δt 5 =40 s), the jib cylinder raised the jib from lower position to top position. b) 281~330 s (Δt 6 =50 s), the telescopic cylinder retracted entirely, and the fly boom retracted back to the minimum length. 331~425 s (Δt 7 =95 s), the tower lift cylinder lowered the tower boom from top position to initial lower position. 426~525 s (Δt 8 =100 s), the main lift cylinder lowered the main boom from top position to initial lower position. 526~565 s (Δt 9 =40 s), the jib cylinder lowered the jib from top position to initial lower position.
From the beginning to the end, the total movement process took 565 s. The dynamic characteristic curves of different cylinders were shown in Figure 4 . Due to limited space, only part of simulation results of different cylinders were shown in Figure 4 and the analysis results were as follows. a) When the telescopic cylinder extended, the force increased rapidly for overcoming the friction of nylon pads, and then increased steadily until reached the maximum value of 19132 N. b) When the main lift cylinder raised the main boom from low position to horizontal position, the force increased the maximum value of 88987 N, and then decreased slowly in the process of lifting. c) At the beginning of the tower lift cylinder raising the upper bottom link, the force reached the maximum value of 76564 N, then decreased slowly. For both ends of the tower lift cylinder changing constantly, the center of the articulating booms mass changed in a small range, as a result, the amplitude has little change.
d) At the beginning of the jib lift cylinder raising the platform from low position to high position, the force reached the maximum value of 33093 N, and then decreased to the minimum value gradually in the process of lifting.
Field Experiments
The overload test of 300 kg (the sandbags 300 kg included) was carried out in accordance with the same process of simulation analysis by ADAMS. The test was as shown in Figure 5 . In the process of the operating test, the pressure of the cylinders was measured by the PPC-PAD tester and the pressure curves were shown as in Figure 6 . The pressure of different hydraulic cylinders measured in operation was converted to the force, which compared with simulation analysis results was as shown in According to the pressure test data in Figure 6 and the comparison results in Table 1 , the analysis results were as follows.
a) The pressure of the telescopic cylinder increased with the telescopic booms extended in a smaller range, as shown in Figure 6 (a). The maximum pressure in the process of extending (the measured time Δt 1 =55 s) was 58 bar, so the maximum extending force was 18080 N (the barrel inner diameter is 63 mm and the piston rod diameter is 45 mm). b) At the beginning, the pressure of the main lift cylinder rapidly increased to the maximum value, then kept in stable state, as shown in Figure 6 (b 1 -b 2 ) . The maximum pressure in the process of raising (the measured time Δt 2 =21 s, Δt 4 =78 s) was 169 bar, therefore, the maximum raising force was 84949 N (the barrel inner diameter is 80 mm and the piston rod diameter is 45 mm).
c) The pressure of the tower lift cylinder rapidly increased to the maximum at the beginning of raising, then kept in stable state, as shown in Figure 6 (c). The maximum pressure in the process of raising (the measured time Δt 3 =87 s) was 141 bar, so the maximum raising force was 70874 N (the barrel inner diameter is 80 mm and the piston rod diameter is 45 mm).
d) The pressure of the jib cylinder rapidly increased to the maximum at the beginning of raising, then kept in stable state, as shown in Figure 6 (d). The maximum pressure in the process of raising (the measured time Δt 5 =44 s) was 158 bar, so the maximum raising force was 31023 N (the barrel inner diameter is 50 mm and the piston rod diameter is 35 mm).
Conclusions
a) The dynamic operation performance of the articulating booms was simulated by ADAMS, and the simulation results show the articulating booms have good dynamic stability in the condition of 300 kg.
b) The maximum loading capacity errors of the different cylinders between the test results and simulation calculation data are less than 10%, which proved that the field experiments results are satisfied too.
